The effect of urea addition on the formation of hydroxy apatite (HAp) through the spray-pyrolysis technique was examined. The crystalline phases of the powders prepared from the spraying solution without urea were HAp and a small amount of 1-tricalcium phosphate; however, only carbonate-containing HAp was formed from the solutions with urea concentrations of 1.00 mol• dm-3 or higher. The SEM observations showed that the particle size of the as-prepared powder decreased with increasing urea concentration in the spraying solution. This reduction of the particle size may be due to the foaming action of C02 generated by the decomposition of urea. The relative density of the sintered body which originated from the solution with an urea concentration of 5.00mol• dm-3 was compara ble to that from the calcined and crushed powder which was obtained by spray-pyrolysing the solution without urea. The calcining and crushing operations before the fabrication of the sintered body may be omit ted when the powders are prepared from starting solu tions containing some urea.
Introduction
Spray-pyrolysis techniquel), 2) is one of the powder-preparing techniques for ceramics. The stoichiometric and homogeneous compounds are pre pared instantaneously by spraying solutions with the desired amounts of cations into the hot zone of an electric furnace. Since this technique is effective for the preparation of the multicomponent powders, several types of compounds have already been pre pared by researchers: MgA12O4,3) Y203-stabilized ZrO2,4) Pb (Mg113Nb213)O3,5) YBa2Cu3O7-x,6) B12Ca Sr2Cu2Ox7) and hydroxyapatite (Ca10 (PO4)6(OH)2; HAp).8) The present authors also reported that calci um phosphates with various Ca/P molar ratios, such as HAp,9), 10) f-tricalcium phosphate (l-Ca3(P04)2; l-TCP), 10),11) calcium diphosphate (Ca2P207)10), 12) and calcium metaphosphate (Ca(PO3)2),10), 12) can be prepared by the spray-pyrolysis technique.
When the starting solutions with inorganic metal The Ca and P contents are lowered with increas ing the urea concentration. This decrease is attribut ed to the presence of some residual waters, the ad sorbed CO2 gas and the reprecipitated urea in the powders. An increase of the Ca/P ratio with increas ing amount of urea indicates that the PO4 group in HAp may be substituted by the CO32 group which originates from the urea. The apatites obtained from the solutions with urea seem to be carbonate-contain ing HAp (CO3HAp). In order to confirm the forma tion of CO3HAp, FT-IR spectra and the lattice con stants were measured. Fig. 4 . Relationship between the urea concentration of the spraying solutions and the lattice constant (a-axis) of apatites formed by spray-pyrolysis. Although these SSA values do not correspond to the particle sizes observed by SEM (Fig. 2) , this dis crepancy may be due to the presence of the micro pores formed by the release of CO2 and NH3 during the spray-pyrolysis. Figure 6 shows the changes of primary particle size and crystallite sizes with urea concentration. The primary particle sizes were in the range of 40 to 125nm (Fig. 6(a) ). On the other hand, the crystallite size (002) increased with an in crease of urea concentration (Fig. 6(b) ); the crystal lite size derived from U1 was the largest (22nm) among the powders examined. With a further in crease in urea concentration, the crystallite size was reduced and became constant at 17nm. The crystal lite size (300) decreased with an increase of urea con centration; the crystallite size derived from U1 was the smallest (23nm) vantage for controlling the Ca/P ratio; however, the obtained HAp powder shows poor sinterability. The wet process has the advantages for preparing the powder with the large SSA and the good sinterabili ty; however, the Ca/P ratio of the obtained HAp pow der tends to be lower than the stoichiometric value (=1.67). These two processes need the calcining and crushing operations prior to the ceramics fabrica tion. Although the hydrothermal process may pre pare the fine HAp particles with the Ca/P ratio of 1.67,23) little information on continuous powder preparations by this process has been available so far.24) The present UFSP technique makes the con tinuous powder preparation possible; the calcining and crushing operations of the resulting powders may be omitted during the fabrication of the ceram ics. Thus we consider that the UFSP technique is effective for preparing the starting powders for cer amics. 
Conclusions
The following results were obtained from the in vestigation of carbonate-containing HAp powder pre pared by UFSP technique.
(1) The crystalline phases of the powders pre pared from the spraying solution without urea were HAp and a small amount of a-TCP; however, CO3 HAp was formed from the solutions with urea. CO3 HAp may be formed by NH3 and CO2 due to the decomposition of urea.
(2) The particle sizes of the as-prepared powder were reduced with increasing urea concentration of the spraying solution. This reduction of particle size may be attributed to the foaming actions of CO2 generated by the decomposition of urea.
(3) The relative density of the sintered body der ived from U5 was comparable to that derived from the calcined and crushed powder without urea addi tion. The calcining and crushing operations before fabrication of the sintered bodies may be omitted if one uses the powders prepared from the urea-con taining solutions.
